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Abstract: Floating treatment wetlands (FTW) are artificial structures used for water quality improve-
ment through the hydroponic growth of certain macrophytes and their rhizospheric bacteria, with
the capacity for pollutant removal. Through the application of face-to-face questionnaires, our study
aimed to analyze visitors’ perception of the structure, functionality, and benefits of FTW installed in
two ponds of one green space in Xalapa, Veracruz, Mexico, and the emotional experience that these
FTW could incite in those same visitors. Visitors identified the plant component of FTW as the most
noticeable one, perceived filtering/cleaning water as their principal function, and reported positive
and negative emotions in the same proportion. The visitors’ perceptions of FTW varied according
to their age, school level, and occupation. Positive and negative perceptions regarding FTW were
linked to their maintenance and that of the ponds. Visitors’ awareness of FTW composition and
function was associated with the presence of informative signs. The understanding of perception
about the FTW can be integrated into management programs for the successful and participative
improvement and cleaning of water bodies in urban settings. Along with people’s participation, the
municipality of the city must improve the maintenance of these important water bodies given its
positive repercussions on visitors’ perception.

Keywords: artificial urban ponds; blue-spaces management; cultural ecosystem services;
landscape perception

1. Introduction

Urban water bodies, both natural and artificial, including those in green spaces,
provide a range of valuable ecosystem services, from the purification and filtration of water
itself, to habitat for a variety of wildlife species [1,2]. Moreover, the water bodies located
in urban green spaces are generally public places with local human related-values linked
to recreation, aesthetics, social bonds, and even to educational and scientific goals; the
so-called cultural ecosystem services [2–6]. Accessibility to green and blue spaces has been
positively associated with the physical, emotional, and mental health of people: reducing
time for surgery recovery, reducing stress and cognitive fatigue, improving mood, and
promoting positive emotions [7–13].

Nevertheless, the water bodies, including those found in urban green spaces, are
highly susceptible to the effects of anthropogenic daily life activities, resulting in some
cases in the decreasing of their ecological function [14]. Frequently, these water bodies
are polluted with domestic wastewater discharges and other sources of organic matter,
increasing their nutrient load, and hence leading to eutrophication problems, which can be
more serious in shallow and slow-flowing water bodies (e.g., urban lakes and ponds [15,16]).
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A high load of nutrients promotes high concentrations of phytoplankton (including harmful
cyanobacteria) causing a decrement in dissolved oxygen as well as an increment of water
turbidity. Furthermore, high concentrations of harmful cyanobacteria and fecal coliforms
in urban water bodies represent risks to public health [17,18].

Several control measures and technologies have been tested and/or implemented to
improve the quality of urban water bodies [19,20]. In the last years, floating treatment
wetlands (FTW), a type of artificial wetlands, have been designed and implemented as
a low-cost and environmentally friendly option [21–23]. The FTW are manmade float-
ing structures that mimic the natural wetlands and facilitate the hydroponic growth of
macrophytes, which have roots with an extensive surface area for the growth of biofilms
that trap suspended particulate matter [24]. In the FTW, plants are forced to obtain their
nutrients directly from the water column because they are not rooted in any sediment or
support, which improves the accumulation of nutrients in their biomass [21]. Furthermore,
some macrophytes used in the FTW easily adapt to the conditions of polluted water bodies
favoring the removal of organic matter, nitrogen, phosphates, and dissolved solids, as well
as the provision of dissolved oxygen [21,25,26].

Technologies for the treatment of green spaces’ water bodies like artificial wetlands
in urban settings are generally implemented by local authorities either with or without
the involvement of citizens [3]. Nevertheless, as has been pointed out previously [27–31],
the cooperation of people is necessary for the successful integration of technological inno-
vations in water bodies within the broader context of programs for urban water bodies’
management. For technological innovations implemented in areas with high recreational
use, people’s participation in preventing them from being damaged by improper use is
necessary, to secure in this way, their correct and lasting functioning. For such cases, people
should acknowledge the aims and functions of the implemented technological innovations
and restrain the negative reactions towards them [32,33], such as vandalism, use them as
garbage deposits, or express desires to remove them. In this sense, the understanding of
people’s perception, as well as their acceptance regarding artificial wetlands as technologi-
cal innovations for water bodies treatment and their associated benefits, is not an easy task,
but an essential one [27,33,34].

Landscape perception addresses the bidirectional interaction between humans and the
landscape, considering experience, knowledge, expectations, and the socio-cultural context
of individuals and groups as the human component of such interaction, and both the indi-
vidual elements and landscapes as entities themselves as the landscape component [35–37].
Within this interaction, sensory perception is related to the visual effects of the landscape
or its elements; instrumental perception includes an acknowledgment of the ecological and
economic benefits and costs generated by the landscape and its elements; and symbolic
perception refers to people’s emotions and attitudes toward that same landscape, including
its constituent elements [38–40]. Within this framework, perception is understood as a
psychological and physiological process in which information is derived through senses,
organized, and interpreted [41,42], and also as the result of the mental process when it is
considered as a point of view, an emotion, and an attitude, preference or position regarding
an object, person, group, or event [42,43].

Having this context, we aimed to analyze people’s perception of the structure, func-
tionality, and benefits (in terms of improving water quality) of FTW implemented in two
ponds of a recreational urban green space in Xalapa, the capital city of the State of Ve-
racruz, Mexico, as well as the potential emotional experience that FTW could incite on
the green space’ visitors. In this study, we adhere to the general definition of emotions
as complex coordinated responses of an organism to several situations, as pointed out
by van Heijgen [42], which can be positive or negative [44]. We further analyze people’s
perceptions about the structural composition and functionality of FTW and their emotional
experience in association with their age, gender, occupation, and school level. At the
time of our study, to the best of our knowledge, these FTW were unique in Mexico and
relatively new and unknown infrastructures particularly, within such urban green space.
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Thus, the perception of the FTW by local people had not yet been explored. Generally,
when this type of technology, or any other technology, is implemented in public spaces,
the perception of people is overlooked and hence unknown. Nonetheless, the acknowledg-
ment of the perception about such aspects can help in the identification of implementation
problems and can also be integrated into the evaluation of the management programs of
the FTW, aiming to the successful participatory cleaning and improvement of water bodies
in urban settings [27,28,31,33,45].

2. Materials and Methods
2.1. Study Area

Our study was carried out in the urban green space of ‘Los Lagos del Dique’, located
to the south of the city of Xalapa, Veracruz, Mexico (19.518759, −96.921855; Figure 1).
Pond 1 originated in the early 19th century due to the construction of a small dam aiming
to capture the waters of a nearby spring to generate motive energy, mainly for a few textile
industry factories. After the closure of the factories, this space was abandoned and later
rebuilt during the second half of the 20th century, to be finally reopened for public use
in 1974 [46]. Currently, it consists of a system of four elongated ponds surrounded by wide
walkways, treed and garden areas, and playgrounds. The ponds are interconnected in
a linear arrangement that extends along 1450 m. The water mirror of the system covers
a surface of 71,588 m2 distributed as follows: 15,268 m2 from Pond 1; 26,190 m2 from
Pond 2, 3380 m2 from Pond 3, and 26,750 m2 from Pond 4. Water volumes of the ponds
are 22,554 m3, 134,844 m3, 14,268 m3, and 150,061 m3 respectively, for Ponds 1 to 4 [47].
These urban artificial ponds receive water from wellsprings and stormwater runoff. Water
entrance to the system of ‘Los Lagos del Dique’ is in its northern portion through Pond 1 at
~1354 m.a.s.l. and its water discharge point is in the southern part of Pond 4 at ~1340 m.a.s.l.
with an elevation difference of ~14 m between the water entrance and discharge points.
Water flow is constant from Pond 1 to Pond 2, and because of the presence of a small
waterfall between Ponds 2 and 3, the water between them keeps in movement. Compared
to the previous ponds, the flow in Pond 4 is slower and with strong winds counterflow
is present.
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lines. The red icon of a standing person marks the site where interviews were performed.
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‘Los Lagos del Dique’ is completely embedded within the urban fabric of Xalapa
and it is transited and visited all year round; however, human activity is more intense
on weekends due to its function as an area for leisure. Different users of this green space
include pedestrians, strollers, cyclists, joggers, skaters, and wildlife observers, as well as
merchandisers, peddlers, and municipal workers in charge of the green space management
(information gathered from personal observations carried out on weekdays and weekends
in holydays and workdays from 08:00 a.m. to 11:00 p.m.).

Given the human activity around the ponds, their closeness to dwellings, and the
lack of culture to preserve clean environments, the ponds’ water was very polluted before
2013 with floating microalgae mats, garbage, floating oil stains, soapsuds, and organic
debris; frequently there were mosquitoes and dead fishes, and occasionally bad smell [46].
Aiming to improve these conditions in ‘Los Lagos del Dique’, FTW were implemented
in Pond 1 in August and November of 2013 by the Group of Environmental Biotechnol-
ogy of the Institute of Ecology (INECOL, A.C.), with the financial support of Xalapa’s
municipal authorities.

2.2. Floating Treatment Wetlands Description

The first FTW were implemented in ‘Los Lagos del Dique’ in Pond 1 and consisted
of two lines of plants arranged across the pond (line 1 = 17.5 m2, line 2 = 33 m2; Figure 1)
aiming to serve as filters of water pollutants. Such FTW were made up of a combination
of Pontederia sagittata and Cyperus papyrus assembled on rigid plastic crates attached to
plastic containers for floatage (see Olguín et al. [21] for further details). After two years
of monitoring, it was demonstrated that the FTW in Pond 1 promoted an increase in the
dissolved oxygen within a range of 15 to 67%, removal of fecal coliforms from 9 to 86%,
and a nitrate removal of 9 to 76%, according to the year seasons [21]. Given such results,
additional FTW were placed in Pond 4 in June 2016 with areas of 28 m2 (line 1) and 31 m2

(line 2), respectively. Considering their filtering function and their size, the FTW were
placed in the water entrance of Ponds 1 and 4 of the whole system of ‘Los Lagos del Dique’
(Figure 1).

2.3. Interviews and Statistical Analysis

To fulfill our objectives, we surveyed visitors and passers-by at ‘Los Lagos del Dique’,
who agreed to answer a short questionnaire. The questionnaire consisted of three questions:
(1) What is most noticeable about what you see here? (2) Do you have any idea about
what is it/are they for? (3) What do you feel or what inspires you when you see it/them?
The intentionality of these questions was to capture and evaluate in a general way and
as simply as possible the sensorial perception (i.e., visual perception), perception about
FTW functions (i.e., instrumental perception), and symbolic perception, namely respon-
dents’ emotions regarding FTW implemented in ‘Los Lagos del Dique’, respectively. We
also recorded respondents’ gender, age, occupation, and school level. Considering that
our survey was targeted at people’s perception of the structure and functionality of the
FTW themselves and to avoid misunderstandings about which specific structure we were
asking about, we interviewed the respondents right in front of the FTW in Ponds 1 and 4
(Figures 1 and 2); the only ponds in which there were FTW when we carried out the study.
We got 400 filled questionnaires, 200 from each of two periods related to the presence or
absence of informative signs explaining the functionality and benefits of the FTW in ‘Los
Lagos del Dique’: without signs (January, May, June 2018) and with signs (September,
October 2018). Both surveys were carried out from 12:00 a.m. to 4:00 p.m. Since it was
of our interest to evaluate differences in responses for the three questions about the FTW
concerning the presence (or absence) of the informative signs, we carried out tests for
equality of proportions and Pearson’s Chi-squared tests according to the case (i.e., two or
more than two proportions, respectively).
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Figure 2. Visitors’ view floating treatment wetlands of (A) Pond 1 and (B) Pond 4.

From the multiple responses we got for our three focal questions, we obtained the
following proportions: (1) the proportion of respondents that perceived or were aware of
the components of FTW; (2) the proportion of respondents that accurately identified the
functions of FTW; and (3) the proportion of respondents that reported positive emotions
regarding FTW. We considered as positive emotions those such as peace, joy, curiosity,
and satisfaction, and as negative emotions those such as frustration, anxiety, concern, and
annoyance, according to Fredrickson [48] and Cohn and Fredrickson [49]. To evaluate
associations of the proportions to each question and the characteristics of respondents,
we carried out Classification and Regression Trees (CARTs) using the Poisson method
in R [50–52], specifying the proportions as the response variables and age (in full years),
gender (female, male), occupation (Primary and Secondary School Student, High School
Student, College Student, Housewife Worker/Employee, Retired), and school level (None,
Primary School, Secondary School, High School, University) of respondents as the ex-
planatory ones. CARTs are multivariate statistical analyses useful to address non-linear
relationships between the response and the explanatory variables, categorical and con-
tinuous [53]. The CART selects the explanatory variable for which the response variable
may be best separated into two groups and identifies the optimum break point. The two
resulting groups are further separated into two sub-groups based on another, or the same,
explanatory variable [54]. Through such binary recursive partition, the groups, generated
in a dichotomous and hierarchical manner, show values for the response variable with the
maximum internal homogeneity and the maximum external differentiation [54–56].

3. Results
3.1. Description of the Respondents’ Sample

The respondents’ sample was comprised of an even proportion of females and males,
ranging from 8–86 years old (average 30.30 ± 14.47). Most of the respondents were college
students, workers or employees, and housewives. Almost fifty percent of respondents had
completed studies at the high school level (Table 1).

Table 1. Characteristics of respondents regarding their gender, occupation, and school level.

Without Signs
(n = 200)

With Signs
(n = 200)

Total
(n = 400)

Percentage Percentage Percentage

Gender
Female 50.0 50.5 50.3
Male 50.0 49.5 49.8
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Table 1. Cont.

Without Signs
(n = 200)

With Signs
(n = 200)

Total
(n = 400)

Percentage Percentage Percentage

Occupation
Primary school student 1.5 0.0 0.8
Secondary school student 7.5 0.5 4.0
High school student 14.5 9.5 12.0
College student 34.5 34.5 34.5
Postgraduate student 1.0 1.5 1.3
Housewife 13.0 18.0 15.5
Farmer 0.5 0.0 0.3
Worker/Employee 24.0 33.0 28.5
Retired 2.0 3.0 2.5
Missing data 1.5 0.0 0.8
Highest school level
None 2.5 4.0 3.3
Primary school 13.0 1.5 7.3
Secondary school 26.5 29.0 27.8
High school 44.5 55.0 49.8
University 11.5 10.5 11.0
Postgraduate 0.5 0.0 0.3
Missing data 1.5 0.0 0.8

3.2. Perception of the Floating Treatment Wetlands Structure

Regarding the question ‘What is most noticeable about what you see here?’ we identi-
fied that respondents referred to several aspects of both the FTW itself and/or the whole
system of ‘Los Lagos del Dique’ (Table 2; Figure 3). The three more noticeable aspects
referred by respondents were (i) composition of the FTW (n = 87, 71.8%): plants were the
most noticeable component, mentioned by 63% of respondents (n = 252), followed by the
plastic containers, bamboo, and the plastic crates, referred by 10, 3.5, and 2.3% of respon-
dents, respectively; (ii) maintenance of the system of ‘Los Lagos del Dique’ (n = 150, 37.5%):
100% of the respondents who mentioned this aspect noted it as lacking in maintenance;
and (iii) system composition (n = 106, 26.5%; Figure 3): its most noticeable elements were
the fishes (n = 56, 14%; including those referred as dead) and the water (n = 28, 7%). We
found significant differences in the proportions of respondents that referred to the FTW
composition and FTW floatage, and in the proportions of respondents that referred to
the maintenance and composition of ‘Los Lagos del Dique’, related to the presence of the
informative signs. The proportions of respondents that perceived FTW components, system
maintenance, and system components were higher with the presence of signs (Table 3).

Table 2. Most noticeable aspects of floating treatment wetlands and the system of ‘Los Lagos del
Dique’ referred by respondents.

System Aspect Referred Aspect as the most Noticeable

FTW Composition Mentioned components were plants, plastic containers, bamboo, and plastic crates (i.e.,
all FTW structural components).

Arrangement Regarding the linear disposition of the components, mainly the plants.

Maintenance Mentioned mainly regarding plants in a negative way: “they don’t look healthy” or
“they are neglected”.

Floatage This aspect was mentioned due to the use of plastic containers.

‘Los Lagos del Dique’ Composition Mentioned components were water, fish, birds, ducks, fauna, and nature.

Maintenance Reported as lacking in maintenance, mainly regarding the presence of garbage or the
color of the water (“green water” or “the water is green”) in an unfavorable way.



Sustainability 2023, 15, 2000 7 of 16

Sustainability 2023, 15, x FOR PEER REVIEW 7 of 17 
 

 

 Maintenance 

Reported as lacking in maintenance, mainly regarding 
the presence of garbage or the color of the water 
(“green water” or “the water is green”) in an unfavora-
ble way. 

 

 
Figure 3. Aspects referred by respondents regarding the visual perception of floating treatment wet-
lands. FTWc: floating treatment wetland composition, FTWf: floating treatment wetland floatage, 
FTWm: floating treatment wetland maintenance, FTWa: floating treatment wetland arrangement, 
Sm: system maintenance, Sc: system composition. The bars of frequencies sum up more than 400 
respondents due to those that referred to more than one aspect of the FTW. 

Table 3. Test for equality of proportions in answers between the periods without and with informa-
tive signs for each of the noted aspects regarding the perception of the floating treatment wetland 
structure. 

 without Signs (n = 200) with Signs (n = 200) 
Chi2(1) p-Value

Studied Aspects 1 Frequency Proportion Frequency Proportion
FTWc 123 0.615 164 0.820 19.734 <0.000
FTWf 15 0.075 4 0.020 5.526 0.019
FTWm 9 0.045 3 0.015 2.148 0.143
FTWa 9 0.045 2 0.010 3.365 0.067
Sm 50 0.250 100 0.500 25.611 <0.000
Sc 40 0.200 66 0.330 8.022 0.005

1 FTWc: floating treatment wetland composition, FTWf: floating treatment wetland floatage, FTWm: 
floating treatment wetland maintenance, FTWa: floating treatment wetland arrangement, Sm: sys-
tem maintenance, Sc: system composition. 

3.3. Perception of the Floating Treatment Wetlands Function 
To investigate the perception of FTW functionality, we asked respondents: Do you 

have any idea about what is it/are they for? Eighty-three respondents (20.8%) from the 
total sample (n = 400) reported that they had no idea about the purpose of the structure or 
components of FTW in front of them. Four of these reported that the FTW were useless. 
Respondents that identified a use or function for the FTW (n = 317, 79.2%) mentioned fil-
tering/cleaning the water as the most frequent function, followed by the functions of the 
FTW as an ornament/to embellish ‘Los Lagos del Dique’, to feed, breed, care, and retain 

Figure 3. Aspects referred by respondents regarding the visual perception of floating treatment
wetlands. FTWc: floating treatment wetland composition, FTWf: floating treatment wetland floatage,
FTWm: floating treatment wetland maintenance, FTWa: floating treatment wetland arrangement,
Sm: system maintenance, Sc: system composition. The bars of frequencies sum up more than
400 respondents due to those that referred to more than one aspect of the FTW.

Table 3. Test for equality of proportions in answers between the periods without and with informative
signs for each of the noted aspects regarding the perception of the floating treatment wetland structure.

Without Signs (n = 200) With Signs (n = 200)
Chi2

(1) p-Value
Studied Aspects 1 Frequency Proportion Frequency Proportion

FTWc 123 0.615 164 0.820 19.734 <0.000
FTWf 15 0.075 4 0.020 5.526 0.019
FTWm 9 0.045 3 0.015 2.148 0.143
FTWa 9 0.045 2 0.010 3.365 0.067
Sm 50 0.250 100 0.500 25.611 <0.000
Sc 40 0.200 66 0.330 8.022 0.005

1 FTWc: floating treatment wetland composition, FTWf: floating treatment wetland floatage, FTWm: floating
treatment wetland maintenance, FTWa: floating treatment wetland arrangement, Sm: system maintenance, Sc:
system composition.

3.3. Perception of the Floating Treatment Wetlands Function

To investigate the perception of FTW functionality, we asked respondents: Do you
have any idea about what is it/are they for? Eighty-three respondents (20.8%) from the
total sample (n = 400) reported that they had no idea about the purpose of the structure or
components of FTW in front of them. Four of these reported that the FTW were useless.
Respondents that identified a use or function for the FTW (n = 317, 79.2%) mentioned
filtering/cleaning the water as the most frequent function, followed by the functions of the
FTW as an ornament/to embellish ‘Los Lagos del Dique’, to feed, breed, care, and retain
the fishes, to retain the garbage to make it easier to collect from the ponds, and to oxygenate
the water. Other less frequent answers were to provide nutrients to the water, to attract
birds or as a perch for them, to sow plants, and as a barrier for the water (Table 4). From the
317 respondents who identified a use or function for the FTW, 67.8 % (n = 215) identified
FTW functions adequately (i.e., those respondents who reported that their functionality
was to filter/clean/oxygenate the water) and the remaining 32.2 % (n = 102) did not (i.e., all
the other reported functions in Table 4). We found that the proportion of respondents who
identified adequately the function of the FTW was higher with the presence of informative
signs on the ponds (Table 5).



Sustainability 2023, 15, 2000 8 of 16

Table 4. Reported functions of the floating treatment wetlands in Pond 1 and Pond 4 in ‘Los Lagos
del Dique’.

Function Stated by Respondents Frequency Percentage

Filter/clean the water 201 63.41
Ornament/embellish the system 49 15.46
Feed, breed, care and retain the fishes 28 8.83
Retain garbage 22 6.94
Oxygenate the water 17 5.36
Sow/grow/care for plants 5 1.58
Plant floatage 3 0.95
Provide nutrients to the water 2 0.63
Avoid mud 2 0.63
Avoid pollution 2 0.63
As a barrier 2 0.63
Attract birds or as a perch for them 2 0.63
Retain/separate the water 2 0.63
Help the water 1 0.32
For recreation 1 0.32
Total 1 339 106.94

1 The total frequency is higher than 317 and the percentage than 100% due to those respondents that referred more
than one function or use for the floating treatment wetlands.

Table 5. Chi-squared analysis results for the proportion of respondents that identified adequately the
functions or use of floating treatment wetlands relating to the presence of informative signs.

Without Signs (n = 147) With Signs (n = 170)
Chi2

(1) p-Value
Frequency Proportion Frequency Proportion

No 66 0.208 36 0.114
19.254 <0.000Yes 81 0.256 134 0.423

3.4. Emotions Regarding Floating Treatment Wetlands in ‘Los Lagos del Dique’

The emotions reported by respondents to the question: “What do you feel or what
inspires you when you see it/them?” were positive and negative (n = 344, 86.00%), but
also of indifference to the FTW since some respondents answered, “nothing” (n = 55,
13.75%; Table 6). The most referred positive emotions were calmness, peace, pleasure,
curiosity, and happiness, and negative ones were sadness, displeasure, and annoyance
(Table 7). Considering the total of respondents (n = 399 due to one missing data), positive
and negative emotions had a similar frequency of answers; 168 (42.0%) and 170 (42.5%),
respectively, showing a significant relationship between the reported emotion and the
presence of informative signs (Table 6). Such a relationship was due mainly to the difference
in proportions for the respondents that showed indifference to the FTW (Figure 4). While
the proportion of respondents who expressed positive emotions about the identification
of plants as the main component of the FTW was slightly higher (0.631) than that who
expressed negative emotions (0.535), the proportion test showed marginal differences
between them (Chi2(1) = 2.80, p = 0.094). The proportion of respondents who reported
negative emotions was higher than the proportion of respondents who reported positive
emotions regarding the lack of maintenance of both the FTW and the Ponds (0.565 vs. 0.214
for negative and positive emotions, respectively; Chi2(1) = 42.13, p < 0.001), as most of
the respondents expressed negative observations like “there is garbage”, “there are dead
fishes”, “the water is dirty”, “it is polluted”, “it looks neglected”.



Sustainability 2023, 15, 2000 9 of 16

Table 6. Chi-squared test for proportions of reported emotions regarding floating treatment wetlands
and the presence of informative signs.

Without Signs (n = 200) With Signs (n = 200)
Chi2

(1) p-Value
Frequency Proportion Frequency Proportion

Indifference 14 0.070 41 0.205
16.621 <0.000Positive 84 0.420 84 0.420

Negative 97 0.485 73 0.365

Positive/negative 1 4 0.020 2 0.010
- -Missing data 1 1 0.005 0 0.000

1 Contradictory answers reporting both positive and negative emotions at the same time, as well as missing data,
were not included in the Chi-squared test.

Table 7. Reported emotions regarding both the floating treatment wetlands and the system of “Los
Lagos del Dique”.

Positive
Emotions Frequency Percentage Negative

Emotions Frequency Percentage

Calmness 74 21.51 Sadness 85 24.71
Peace 21 6.10 Displeasure 51 14.83
Pleasure 19 5.52 Annoyance 26 7.56
Curiosity 18 5.23 Frustration 6 1.74
Happiness 16 4.65 Nostalgia 3 0.87
Joy 11 3.20 Discouragement 3 0.87
Contemplation 6 1.74 Disappointment 3 0.87
Wellness 3 0.87 Anxiety 2 0.58
Motivation 3 0.87 Confusion 2 0.58
Amazement 2 0.58 Desolation 2 0.58
Entertainment 2 0.58 Depression 2 0.58
Satisfaction 2 0.58 Uncertainty 1 0.29
Remembrance 1 0.29 Concern 1 0.29
Awareness 1 0.29
Stability 1 0.29
Inspiration 1 0.29
Optimism 1 0.29
Relaxation 1 0.29

Total 1 183 53.20 Total 1 187 54.36
1 The total frequency is higher than 344 and the percentage than 100% due to those respondents that referred more
than one emotion regarding the floating treatment wetlands.
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Standardized residuals indicate that the expected proportion of responses for each category was
higher or lower than the observed proportion of responses for the same category.
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3.5. Perception Regarding Floating Treatment Wetlands in Association with Respondents’ Features

Variance in the proportion of respondents who perceived and reported some aspect of
FTW (i.e., composition, arrangement, function, management) was associated with age and
occupation of respondents only; the proportion of respondents that perceived some aspect
regarding FTW was higher for respondents ≥ 20 years old. The proportion of respondents
younger than 20 years old was associated in turn with the respondent’s occupation; the
proportion of college students who perceived FTW was the lowest one (Figure 5).
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Figure 5. Classification and Regression Tree for the proportion of respondents who perceived some
aspect of floating treatment wetlands in association with respondents’ features. PASS—Primary and
Secondary School Student, HS—High School Student, CS—College Student, WE—Worker/Employee.

The proportion of respondents who perceived adequately the function of FTW (i.e., to
filter/clean/oxygenate the water) was associated with respondents’ age and school level,
albeit the latter one only for respondents ≥ 48 years old. Association with age was not
linear since the proportion of respondents who perceived adequately the FTW functions
was lower for those younger than 19 and older than 48 years old, and higher for those ≥19
and <48 years old. For those ≥48 years old the proportion was lower for respondents with
no education and primary school (Figure 6).
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The proportion of respondents who reported positive emotions regarding FTW in
‘Los Lagos del Dique’ was associated with school level; respondents with no education
showed the highest proportion of reported positive emotions. For those respondents with
education, variance in proportions was associated with their age in a nonlinear way, being
the lowest proportion of respondents who reported positive emotions regarding FTW for
those ≥36 and <45 years old, and the highest for respondents ≥ 45 and < 50 years old
(Figure 7).
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4. Discussion

Visitors’ sensory, instrumental, and symbolic perceptions regarding the presence,
functions, and emotional values of FTW, respectively, showed to be contrasting and notably
influenced by the surrounding environment of ‘Los Lagos del Dique’. While people
perceived mostly the vegetal components of the FTW (i.e., Pontederia sagittata and Cyperus
papyrus as living components and bamboo as a structural one) [57], they also perceive the
FTW as components of the ponds and the landscape of ‘Los Lagos del Dique’ as a whole,
as expected within the landscape perception framework [35,39]. Such perception can be
due, particularly, to the evident plant component of the FTW, important for both pollutant
removal and local ecosystem integrity [58], and the small size of the FTW compared to
the size of the ponds in this green space. The size of FTW could be also related to the
fact that despite our question focused on the perception of the FTW structure itself, many
respondents referred to components of the system of ‘Los Lagos del Dique’ in general, such
as fish, birds, and nature, as some of the most distinctive elements they saw. Furthermore,
some of the reported answers to the question: ‘What is the most noticeable about what you
see here?’ were about the maintenance of ‘Los Lagos del Dique’ and the FTW both, and not
regarding the FTW composition as we expected.

A high number of respondents perceived accurately that the function of the FTW is to
filter or clean the pond’s water. Yet, respondents perceived and reported FTW as garbage
and/or fish retainers, and as ornamental elements of ‘Los Lagos del Dique’. While such
functions are not the aim of FTW, their perceived ornamental value is positive. Nevertheless,
garbage and oils retention diminish the aesthetics of FTW and the ponds, as also stated by
Rooney et al. [59] for shallow open water marshes near the City of Edmonton, in Alberta,
Canada, and is the reason why it is necessary to implement and maintain programs of
public awareness inviting visitors to ‘Los Lagos del Dique’ to not throw garbage into
the system.

‘Los Lagos del Dique’ provokes both positive (e.g., calmness, pleasure, joy) and nega-
tive (e.g., sadness, frustration, annoyance) emotions in their visitors [60,61]. This coincides
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with Sonti et al. [60] for the use and perceptions of New York City’s forests, wetlands, and
landscaped park areas, as well as with Li et al. [61], Wei et al. [62], and Kong et al. [63] for
the green and blue elements of wetlands from cities in China. However, unlike these three
latter studies, which recorded higher frequencies of positive emotions overall, in this study,
the recorded negative emotions were higher than positive ones.

The variation in the emotions appears related to the different manners in which
components of wetlands and their maintenance are perceived and experienced by the
visitors [60–63]. Positive emotions seemed to be linked to the recreational activities that
can be carried out in wetlands [64], which in ‘Los Lagos del Dique’ include jogging,
walking, skating, wildlife observation, and other leisure activities. Positive emotions
also appeared related to the aesthetic values of FTW and ‘Los Lagos del Dique’, as other
studies have shown for other aspects related to wetlands in other geographical areas,
such as sustainable wetland management [57] and their ecological conservation [65]. The
aesthetic value of ornamental plants and their relationship with mainly positive emotions
like love, tranquility, joy, and satisfaction, have also been reported by Rahnema et al. [66]
for visitors to urban green spaces in Iran. Both aspects (i.e., aesthetics and recreation) are
recognized as cultural ecosystem services provided by urban green and blue spaces, linked
to human well-being [5,67,68]. The negative emotions were related mainly to the presence
of garbage, oils, dead fishes, and the color of the water, the latter unfavorably referred to
as “green water”, “the water is green”, or even “dirty water”. These results agree with
Cottet et al. [33], Dobbie [57], and Schirpke et al. [69], who highlight that the aesthetic
perception of wetlands is influenced by their visual attributes, as well as their quality [70],
such as the presence and look of plants and the color and transparency of the water, clear
water being considered as more aesthetic or of better quality. Nevertheless, it is important to
highlight that while FTW help to reduce water turbidity [17], water in ‘Los Lagos del Dique’
cannot be completely clear due to the natural occurrence of microalgae which provide
the green color and other physical parameters not influenced by FTW functions [33]. To
promote positive emotions in visitors of this green space, the maintenance of ‘Los Lagos del
Dique’ and of the FTW is essential, since negative emotions were mainly reported regarding
the presence of garbage around FTW. While the maintenance of ‘Los Lagos del Dique’ is
the responsibility of the municipal authorities of Xalapa, the implementation (once again)
of educational and participatory programs for visitors in maintaining and cleaning the
system is fundamental [27,30,32].

The relevance of signs informing the function and benefits of the FTW in ‘Los Lagos del
Dique’ was evident since the proportions of respondents that referred to FTW components,
and the proportion of respondents that identified adequately the function of FTW (i.e.,
to filter/clean the water), were significantly higher in presence of signs than in absence
of them. It seems that signs provide enough information for visitors to ‘Los Lagos del
Dique’ to be aware of FTW and their functionality. This agrees with Dobbie [57] who
mentions that knowledge of freshwater wetlands can contribute to changing people’s
preferences, appreciations, and perceptions about them. While signs probably reinforce
knowledge [57,71] about FTW in ‘Los Lagos del Dique’, they are of little relevance regarding
positive emotions toward them.

According to the results of our CARTs, respondents’ attributes associated with: (i) the
proportion of respondents who perceived some aspect regarding the FTW structure (i.e.,
structure’ composition, management, or disposition); (ii) the proportion of respondents
who perceived adequately the function of the FTW; and (iii) the proportion of respondents
who reported positive emotions regarding the FTW, were age, occupation, and educational
level. Such variables have been previously associated with the perception and preferences
of diverse attributes of urban wetlands and urban green spaces [72–74]. Nonetheless, in
such studies, the significance, magnitude, and direction of associations of respondents’
attributes with their perception vary greatly depending on the particularities of such studies
(e.g., aesthetics, naturalness, country). According to CARTs, there was no association of
gender with any of the proportions under test, which is similar to Lee et al. [75] who found
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no gender difference in the presence and environmental quality of a wetland on campus
among college students, but it is contrary to found in other studies related to perception
and behavior [30,57,60,76,77]. Aspects such as the restorative potential [75] and seasonal
variations in people’s perceptions and emotions [78] regarding FTW and the system of
‘Los Lagos del Dique’ remain to be studied. Besides, other variables could be added to
studies of the FTW’s perception (e.g., frequency of visits to the green space, income, if
they have read the informative signs, length of visit, type of social stakeholder), aiming
finally to include people’s participation in a successful restoring of water bodies and their
service providing [27,74,79]. In this case, people’s care and maintenance of the FTW, like not
throwing garbage or fried snacks into the ponds, and participating in supervised garbage
collection brigades, are part of the advice provided during the workshops organized by
our group.

5. Conclusions

Visitors of ‘Los Lagos del Dique’ in Xalapa, Veracruz, were widely aware of the
presence, structural components, and water filtering and cleaning function of floating
treatment wetlands implemented in this green space. The FTW were perceived as beneficial
components of the ponds, mainly regarding the plants (Pontederia sagittata and Cyperus
papyrus), which grant the FTW an additional aesthetic value. FTW cleaning function and
their aesthetic value seemed to be associated with visitors’ positive emotions towards them.
Negative emotions expressed by ‘Los Lagos del Dique’ visitors were linked mainly to the
lack of maintenance by the municipal authorities since the presence of garbage around the
FTW persisted. FTW’s composition, functionality, and emotional values were perceived by
respondents differently according to their age, school level, and occupation. Informative
signs were associated with the awareness of people regarding FTW composition and
function, but not with the emotions of people. Besides the public awareness programs on
FTW functionality and their concomitant benefits, it is also necessary that the municipality
of Xalapa improve the maintenance of ‘Los Lagos del Dique’ (e.g., providing garbage
containers and maintenance personnel). Such government commitment is crucial in both
the short and long term to maximize the ecological and social benefits that the urban green
space water bodies provide, by maintaining functional ponds with high-quality water
using floating treatment wetlands.
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